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The perceptions of absolute scarcity of forest based cellulosic materials and high anticipated demand for paper appear to have been responsible for the policy emphasis on unconventional materials for paper and newsprint making in India. Among the unconventional materials, bagasse has been emphasized through fiscal incentives including excise duty exemptions. Based on a study of seven bagasse based paper and newsprint units, Tirath Gupta and Vinod Ahuja show that enhancing residual bagasse through drying it before firing the boilers and using that material for pulping would be more desirable compared to generating surplus bagasse by installing coal fired boilers at sugar mills. The most desirable and sustainable solution in the long-run, according to them, would be to integrate the production processes of paper and cellulosic materials.
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Industrial uses of agricultural and agro-industrial residues have been emphasized upon by policy makers in recent past for accelerating the pace of a country's economic development. This study focuses on the use of one of the agro-industrial residuesbagasse -for newsprint and paper making which has been encouraged through policy interventions such as:
• duty free imports of used integrated pulp and paper mills starting around the mid 1970s • excise duty exemption of Rs 1,500 to Rs 2,500 (1988 rates) per tonne of paper produced with at least 75 per cent bagasse. There has been a rapid growth of small paper mills. A few large scale bagasse based newsprint and paper mills have also been set up. At the same time, many such units faced problems due to shortages and rising prices of bagasse, and had either changed over to other raw materials within 2-3 years, or ran substantially below the installed capacities, or closed down. Such developments indicate that the policy interventions were not based on comprehensive assessment of financial and managerial feasibility of pulping bagasse on a substantial scale.
The main objectives of our study are:
• to estimate the annual quantities of residual bagasse without planned action by sugar and/or paper mills, and to assess the financial and managerial feasibility of using that material for pulping • to estimate the annual potential for resid ual bagasse due to improved thermal efficien cy and bagasse drying at the sugar mills, and to assess the financial and managerial feasibility • to assess the relative economics of surplus bagasse due to replacing bagasse fired boilers with coal fired boilers at the sugar mills • to review the policies to encourage bagasse use for paper/newsprint making and suggest necessary and feasible modifications. The study is based on seven case histories of bagasse based newsprint and paper making units with special reference to the cost of bagasse and other cellulosic materials; a review of relevant literature; and discussions with foresters, industrialists, economists, paper and sugar technologists, and policy advisors.
To begin with, however, an assessment of demand for paper and newsprint in the foreseeable future, say AD 2000, is necessary to ascertain the demand-supply management of cellulosic materials as a whole, and the potential role of bagasse in particular.
Demand for Paper/Paperboards and Newsprint
The demand forecasts of paper and paperboards for AD 2000 have varied from 3.25 million tonnes to 4.40 million tonnes against the 1988 output at 1.6 million tonnes, very little imports, and adequate supplies in the market. Thus, it is clear that demand for paper and paperboards in India has been substantially overestimated (see Gupta and Shah, 1987) . Qualitative observations on the market for paper and paperboards indicate that the demand in the foreseeable future could rise by 3.5 per cent a year. This means that without imports and without any attempt at demand management, the market for paper and paperboards should be in equilibrium with a gradual rise in production to 2.5 million tonnes by the turn of the century. But, in view of the current installed capacity of over 3 million tonnes a year production capacity in the pipeline, the recent policy interventions to encourage the consumption of paper and paperboards, and possibility of some exports, we have chosen annual growth rate in demand at 4 per cent. That would entail a production of 2.7 million tonnes by AD 2000 (Gupta, 1988) .
Contrary to paper and paperboards, the demandforecasts for newsprint have been lower than the observed consumption, particularly during 1985-86 and 1986-87 (Table 1 ).
This situation can be attributed to the recent spurt in home production. In the same context, however, the forecasted demand of nearly 900,000 tonnes, by the year 2000, i.e., a compound annual growth rate of 5.2 per cent over the current observations, appeared logical.
Thus, the country can be expected to be self-sufficient with 3.6 million tonnes of paper, paperboards, and newsprint by the turn of the century.
Current Output of Bagasse
The annual sugarcane output in India during 1980-81 to 1986-87 has averaged 176 million tonnes. Around 40 per cent of the output was crushed in the orresidual bagasse to ensure against avoidable tensions in the planning and policy making processes. It was thus thought that, on an average, sugar factories at and above 1,200 TPD capacity would have 6 per cent of the bagasse as residual.
The sugar mills in this category handled nearly 90 per cent of the cane crushed in the organized sector. Thus, the total residual at the current sugar production level can be estimated to be 1.30 million tonnes a year. It was estimated that around 20 per cent of the residual may not be utilizable for two reasons: either because it was available in small quantities or because some of the sugar mills were somewhat remotely located. It may, thus, be safely assumed that around one million tonnes a year would be available for pulping without any planned action by the sugar or the paper industry.* Assuming an 80:20 ratio of bagasse and other cellulosic materials, these quantities could support around 12 per cent of the observed output of paper/paperboards and newsprint with chemical pulp processes, and around 19 per cent with mechanical bagasse pulp processes.
Potential Availability of Residual Bagasse
Measures for improving thermal efficiency and steam/power economy at the sugar mills can significantly enhance the proportion of residual bagasse. These include installation of waste heat recovery units, economizers, air pre-heaters, drying of bagasse to enhance its calorific value, etc. (Manohar Rao, 1983 ). It has not been possible to assess the likely enhancement of residual bagasse due to steam/power economy measures, but the same has been done in the case of bagasse drying.
Since sugar factories at and above 1,200 TPD capacity burnt around 20 million tonnes bagasse a year, their total energy consumption was nearly 36,500,000 million K calories. This energy can be had from about 8.6 million tonnes bone dry bagasse (36,500,000 -j-4,250). Thus, a maximum of 17.2 million tonnes (8.6 x 2) bagasse, against 20 million tonnes at present, could meet the total energy requirements of the sugar mills under reference if bagasse was bone dried prior to feeding the boilers. The residual on this account can, thus, be around 2.8 millions tonnes.** Once again, about 80 per cent of that may reach paper/newsprint mills. Thus, the total residual maybe 3.2 million tonnes a year. This would
•Opportunity cost of residual bagasse in uses other than paper has not been assessed. suffice for 662,000 tonnes of chemical pulp based paper and newsprint. If the materials' mix is to be as in Table 4 , nearly 732,000 tonnes paper, or 930,000 tonnes newsprint, or any intermediate combination can be based on this material. 
Production
Definite data to assess the cost of residual bagasse due to drying were not available. Discussions with some technologists, however, indicated that maximum investment on bagasse drying stations for sugar factories in the range of 1,200 to 2,000 TPD could be Rs 15 million. Annual costs on account of interest, depreciation, and operation and maintenance were estimated at 15 per cent, 6.7 per cent, and 5 per cent respectively or Rs four million. Since sugar mills in the range under reference would save between 12,000 and 17,000 tonnes of bagasse a year, the cost of the surplus bagasse would vary between Rs 210 and Rs 330 a tonne. This is a fairly wide range. Because of the varying size, age, and efficiency of sugar mills, pricing the material may be difficult. At the same time, cost of marginal unit of residual bagasse, including some margin for the sugar mills, should be the logical basis for pricing the material. Though it would not result in a uniform price, the concerned parties can be expected to appreciate the value of basic economic concepts and of mutual benefits to be able to make case by case arrangements. The task may be facilitated where paper/newsprint mills choose to instal bagasse drying stations at the selected sugar mills.
To estimate the output of residual bagasse by AD 2000, four additional assumptions and observations are made:
• sugarcane production technology may enjoy no distinct advantage over other field crops such that sugarcane output may be around 230 million tonnes **The residual would be further enhanced if the material was depithed at the sugar mills and palletized pith was used as fuel. But we could not account for such situations.
• gur and khandsari would continue to be produced by dispersed small scale units, and industrial uses of bagasse thus produced would not be managerially and financially feasible • proportion of cane crushed in the organized sector would rise to 50 per cent of the total output or to 115 million tonnes • cane crushing capacity of the new sugar mills would be above 1,200 TPD. On that basis, cane crushed in sugar mills above 1,200 TPD should be at least 107 million tonnes, and the corresponding bagasse output should be 35 million tonnes a year.* Out of this, around 6.5 million tonnes should be residual if the entire output was bone dried prior to feeding the boilers. In line with one of the basic approaches in this study, we estimated that only 80 per cent or 5.2 million tonnes of the output may be available for pulping.
This would suffice to support nearly 1.1 million tonnes chemical pulp or 30 per cent of the estimated demand for paper/paperboards and newsprint by the turn of the century. If the furnish could be as presented in Table 4 , bagasse based output up to 1.2 million tonnes of paper and paperboards or 1.5 million tonnes of newsprint, or any intermediate combination should be feasible.
Surplus Bagasse by Using Other Fuels for Sugar Production
Since long, it has been suggested that coal may be used as a substitute for bagasse in the sugar industry (GDI, 1965 and 1974) . In the event of its complete replacement as fuel for the mills above 1,200 TPD, the surplus bagasse generated would more than suffice to meet the total demand of cellulosic materials for paper and newsprint production. But, the extent of coal usage to fire the sugar factory boilers must be a function of the relative costs of different cellulosic materials including residual bagasse due to its drying and surplus bagasse due to its replacement as a fuel.
Practices for Obtaining Bagasse by the Paper/Newsprint Mills
Bagasse based paper and newsprint has been produced in India for a reasonably long time. To be able to draw experience based observations, seven existing and proposed bagasse based paper and Allowing 8 million tonnes sugarcane to be crushed by the existing sugar milk below 1,200 TPD capacity. newsprint units were studied. The sample was purposively selected to represent variations with respect to size, age, location, etc. The seven units could be grouped into three categories:
• small paper mills without long term contracts with sugar producers so that the quantity of bagasse received and prices paid were negotiated during each season • small paper mills based on residual bagasse generated by sugar mills under common management but not necessarily at the same site • Paper/newsprint mills which installed or proposed to instal coal fired boilers at selected sugar mills to get bagasse.
Small Paper Mills without Regular Contracts for Bagasse
This category included three units. Average landed cost during 1982-83 to 1986-87 varied from Rs 320 to Rs 380 per tonne of bagasse and rose continually during that period. Other cellulosie materials were also used-The relevant data have been summarized in Table 5 . It can be observed from the table that the bagasse cost per tonne of pulp has been considerably higher than that of other cellulosic materials. Moreover, because of the absence of regular arrangements with sugar mills for bagasse supplies, these units also faced an environment of uncertainty. There have even been instances when they could not get the desired quantities of bagasse and had to utilize higher proportions of other cellulosic materials including imported ready pulp, or had to lower the capacity utilization.*
Integrated Management for Paper Mills and Sugar Mills
This category included two small paper making units. Their bagasse requirements, however, could not be met by the associated sugar mills. The prices paid to the associated sugar mills varied between Rs 100 and Rs 200 per tonne whereas the prices paid to the other sugar mills varied between Rs 370 and Rs 460. This *At least some of the producers in this category could not have stayed in the business if duty free imported pulp was not treated as an unconventional material for purposes of excise concessions. That is neither logical nor commensurate with the policy objectives of enhancing the use of unconventional cellulosic materials and conserving scarce foreign exchange resources. meant that prices paid to the associated organizations were in the nature of book adjustments. More importantly, the associated sugar mill in one of these cases had been continually improving upon its thermal efficiency to release larger quantities of bagasse and was planning to have a bagasse drying and densification station.
In spite of such efforts, landed cost per tonne of bagasse in these two cases averaged at Rs 395 and Rs 250 during 1983-84 to 1986-87 (Table 6 ). Once again, the average cost of bagasse per tonne of pulp was higher than the other cellulosic materials. On the whole, however, these units were better placed than the other bagasse based paper making units.
Paper Mills Installing Coal Fired Boilers at Sugar Mills
This category ia. the sample included two large newsprint and paper making units. The bagasse price was based on its comparable calorific value with coal and cost of coal at the sugar mills.
Data on landed cost of bagasse and cellulosic materials at these units have been summarized in Table 7 . It can, once again, be observed that bagasse cost per tonne of pulp has been substantially higher than that of eucalyptus wood.
The enterprises in this category were also faced with uncertainty of obtaining bagasse. An interesting observation on one of these cases was that, in spite of adequate quantities of bagasse at the contracted sugar mills, and willingness on the part of other mills in the area to supply bagasse, the management entered into a contract with an additional sugar mill and installed coal fired boilers for them.
It may also be noted that the project report in this case estimated the coal-bagasse substitution ratio at 1:2.52 but the observed ratio was 1:1.4. The difference was mainly due to poor quality of coal. The mill also faced problems in obtaining the required quantities of coal from the designated sources and substantial portions had to be obtained from distances exceeding 2,000 km. This factor further pushed up the bagasse price as the landed cost of coal was considerably higher than the initial estimates.
It can, thus, be observed that there is a relationship between the landed cost of bagasse at the paper/newsprint mills and the mode of obtaining it. The costs were highest in cases where the material was obtained due to installation of coal fired boilers at the sugar mills, and lowest where a major portion of the material was residual at the associated sugar mills.
Future Policy Direction
It can, thus, be suggested that the policy to encourage coal usage to save bagasse for paper/newsprint making may be reversed. It is also desirable due to i) a delicate balance between the demand and supply of coal, and ii) widely shared concerns for quality of the biophysical environment which necessitate minimal use of the stock resources (Gupta and Ahuja, 1989a) .
More importantly, the most advantageous and sustainable approach is to have integrated sugar and paper/newsprint producing units. It has been estimated that a 2,500 TPD sugar mill at the observed efficiency levels can support a 100 TPD paper mill with 75 per cent bagasse in the furnish. The two enterprises can also have an efficient common power generating system (GOI, 1988a) . This may limit the size of bagasse based paper/newsprint plants to 30,000 to 35,000 tonnes per annum (TPA) as the size of sugar mills would be limited by sugarcane availability from a command area. However, this need not.be a problem as paper/newsprint mills with capacity of 30,000 TPA can harness the scale economies. This also comes close to the stipulated policy whereby the minimum capacities of new sugar mills and paper mills based on agricultural and agro-industrial residues should be 3,000 TPD and 33,000 TPA, respectively (Anon, 1987 ,and GOI, 1988b .
This may be the most opportune time to move towards these objectives for at least three reasons which are as follows:
(1) The country should be in no haste to create additional production capacity for paper/paperboards and even newsprint. To repeat, the markets for paper and paperboards are in a state of equilibrium with the current output around 1.6 million tonnes against three million tonnes installed capacity. For newsprint also, the share of imports to total consumption declined from over 80 per cent during early 1970s to around 40 per cent in 1987. Moreover, at least three newsprint mills with 220,000 TPA capacity have already been planned, and indigenously produced writing and printing paper can substitute for imported newsprint to a considerable extent.
(2) Cellulosic materials have not been as scarce as they were perceived to be and the prospects for the foreseeable future may even be better. By the turn of the century, at least 30 per cent of the estimated demand for paper/paperboards and newsprint can be based on residual bagasse due to its drying at sugar mills with capacity at 1,200 TPD or higher. Another 20 per cent can be supported by recycling waste paper (Gupta, 1988) . The existing paper and newsprint mills based on bagasse due to installation of coal fired boilers, and those based on other unconventional sources of cellulose, namely, grass, wheat straw, and rice straw can be expected to meet at least another 10 per cent of the estimated demand for these goods. Thus, a maximum of 1.5 million tonnes of paper and newsprint production by the turn of the century may have to be based on conventional cellulosic materials, mainly bamboo and hardwoods. With 40:60 mix of these, the industry's demand should be around 1.5 and 2.4 million tonnes, respectively. Even that much should not be necessary with enhanced use of mechanical or chemo-mechanical pulping processes. Supplying these materials to the industries should not only be feasible but also convenient by harnessing a part of the estimated potential output from only a part of the forest and nonforest waste lands, and/or at least partial success of social and farm forestry programmes.
(3) The Government of India has been thinking of integrating the sugarcane, sugar, molasses and alcohol, and bagasse processing which have been under the charge of ministries/departments of agriculture, food and civil supplies, chemicals and petro-chemicals, and industrial development.
It can, thus.be concluded that a managerially and administratively feasible, financially more desirable, and self-sustaining long term policy would be to gradually internalize the cellulosic materials production with paper and newsprint production proceises through:
• encouraging integrated sugar-paper com plexes to enhance the quantity of residual bagasse through drying and densification • according preferential treatment to the exist ing paper/newsprint mills for setting up new sugar mills • assessing the feasibility of new paper/ newsprint units along with new sugar mills or other well defined and sustainable sour ces of cellulosic materials.
